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(57) ABSTRACT

An electrical connector includes a terminal having a con-
necting portion to be connected to an electrical circuit board
and a contact portion to be contacted with a mating con-
nector; and a housing for holding the terminal. The housing
includes a fixed housing and a movable housing arranged to
be movable relative to the fixed housing. The terminal
includes a fixed side held portion held with the fixed
housing, a movable side held portion held with the movable
housing, and an elastic portion situated between the fixed
side held portion and the movable side held portion. The
housing includes an accommodating space for accommo-
dating the elastic portion. The elastic portion includes a first
wave shape portion having a first bent portion and a pair of
first extending portions. The first extending portions are
configured to extend away from each other with a distance

in between decreasing toward the first bent portion.

5 Claims, 5 Drawing Sheets
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1
ELECTRICAL CONNECTOR

BACKGROUND OF THE INVENTION AND
RELATED ART STATEMENT

The present invention relates to an electrical connector to
be attached to an electrical circuit board for connecting a
mating connecting member to the electrical circuit board in
a direction perpendicular to a surface of the electrical circuit
board. 10

Patent Reference has disclosed a conventional electrical
connector for connecting an electrical circuit board. The
conventional electrical connector includes a housing. The
housing includes a fixed housing to be fixed to the electrical
circuit board and a movable housing capable of moving 15
relative to the fixed housing. The conventional electrical
connector further includes a terminal disposed between the
fixed housing and the movable housing.

Patent Reference: Japanese Patent Publication No. 2014-
099361 20
In the conventional electrical connector disclosed 1n Pat-

ent Reference, the fixed housing to be fixed to the electrical
circuit board 1s formed i1n a rectangular frame shape, so that

a central portion at a center of the rectangular frame shape

1s opened and penetrates through a vertical direction of the 25
fixed housing. The movable housing 1s accommodated 1n the
central portion of the fixed housing such that a space 1s
created between the fixed housing and the movable housing
around a circumierence of the movable housing. The mov-
able housing includes a hollow portion that 1s opened 30
upwardly, so that a mating connector as a mating connecting,
member 1s {itted 1n the hollow portion from above.

In the conventional electrical connector, the terminal
includes an elastic piece portion on one end portion thereof.
The elastic piece portion has a contact portion to be con- 35
tacted with and connected to the mating connector, and 1s
situated 1 the hollow portion of the movable housing.
Further, the terminal includes a board connecting portion on
the other end portion thereof. The board connecting portion
protrudes outside the fixed housing. 40

In the conventional electrical connector, the elastic piece
portion of the terminal disposed at the one end portion of the
terminal extends to a bottom portion of the movable hous-
ing, and an arm portion 1s provided a lower end portion of
the elastic piece portion. The arm portion extends outside the 45
movable housing. A fixed piece portion 1s formed at a middle
position of the arm portion, and the fixed piece portion 1s
fitted 1n and fixed to a hole portion of the movable housing.

In the conventional electrical connector, the board con-
necting portion of the terminal disposed at the other end 50
portion of the terminal i1s connected to the arm portion
situated at a bottom portion of the fixed housing. A fixed
piece portion 1s formed at a middle position of the arm
portion, and the fixed piece portion 1s fitted i and fixed to
a hole portion of the fixed housing. 55

In the conventional electrical connector, the terminal
turther includes a movable portion disposed between the
arm portion on the movable housing side and the arm portion
on the fixed housing side. The movable portion 1s formed of
an open loop shape rising from a position of the bottom 60
portion, so that the movable portion 1s capable of deforming.
The movable portion 1mcludes a base portion connected to
the arm portion on the movable housing side and the arm
portion on the fixed housing side.

In the conventional electrical connector, the movable 65
portion with the open loop shape 1s disposed such that the
base portion thereotf 1s situated close to that of the adjacent

2

movable portion, so that the movable portion 1s capable of
deforming to a large extent. Accordingly, the movable

portion 1s formed in a substantially circular shape as a
whole. Further, the movable portion 1s situated in the space
between the fixed housing and the movable housing. When
the movable portion 1s elastically deformed, the movable
housing 1s capable of moving 1n any direction of an orthogo-
nal coordinate axis 1n the space, thereby achieving a floating
cllect.

In general, the conventional electrical connector 1s
required to have a small height size from the surface of the
electrical circuit board. At the same time, the conventional
clectrical connector 1s preferably capable of floating 1n any
direction.

In the conventional electrical connector disclosed 1n Pat-
ent Reference, the terminal has the movable portion having
the substantially loop shape, so that the movable portion 1s
capable of deforming to a large extent. When the conven-
tional electrical connector 1s configured to increase a floating,
amount 1n the height direction thereof (the direction perpen-
dicular to the plate surface of the electrical circuit board) or
the width direction thereotf (the direction 1n parallel to the
plate surface of the electrical circuit board), 1t 1s necessary
to increase the size of the movable portion 1n the height
direction or the width direction. As a result, 1t 15 necessary
to 1ncrease the size of the conventional electrical connector
in the height direction or the width direction thereof.

In view of the above problems, an object of the present
invention 1s to provide an electrical connecting member
capable of solving the problems of the conventional elec-
trical connector. According to the present immvention, it 1s
possible to secure the floating amount of the electrical
connector 1n the height direction and the width direction of
the electrical connector without increasing the size of the
clectrical connector 1n the height direction thereof.

Further objects and advantages of the present invention
will be apparent from the following description of the
present 1vention.

SUMMARY OF THE INVENTION

In order to solve the problems described above, according,
to a first aspect of the present invention, an electrical
connector 1s provided for connecting an electrical circuit
board to a mating connecting member. The electrical con-
nector includes a terminal and a housing for holding the
terminal. The terminal has a connecting portion to be
connected to the electrical circuit board and a contact
portion to be contacted with the mating connecting member.
The housing includes a fixed housing to be attached to the
clectrical circuit board and a movable housing arranged to
be movable relative to the fixed housing, so that the mating
connecting member 1s fitted in the movable housing.

According to the first aspect of the present invention, the
terminal includes a fixed side held portion held with the
fixed housing, a movable side held portion held with the
movable housing, and an elastic portion connecting between
the fixed side held portion and the movable side held
portion. The elastic portion 1s configured to be capable of
clastically deforming. The housing includes an accommo-
dating space situated between the fixed housing and the
movable housing for accommodating the elastic portion.
The elastic portion includes a plurality of wave shape
portions formed 1n one continuous band shape portion. The
wave shape portion has a plurality of bent portions repeat-
edly bending continuously 1 bend directions. Each of the
wave shape portions situated adjacent to the fixed side held
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portion and the movable side held portion has an enlarging
width portion, 1n which an opening width of a wave shape
increases away from the bent portions.

According to the first aspect of the present nvention,
when the terminal receives an external force, the elastic
portion of the terminal 1s elastically deformed. Accordingly,
the movable housing 1s moved relative to the fixed housing,
by an elastic deformation amount of the elastic portion. As
a result, 1t 1s possible to achieve floating of the electrical
connector.

According to the first aspect of the present invention, the
clastic portion includes the wave shape portions formed 1n
one continuous band shape portion. The wave shape portion
has the bent portions repeatedly bending continuously in
bend directions. Accordingly, even when the elastic portion
does not have a large size 1n the height direction thereot, 1t
1s possible to sufliciently secure the elastic deformation
amount. As a result, 1t 1s possible to minimize a size of the
connector in the height direction thereof.

According to the first aspect of the present invention, the
wave shape portions situated adjacent to the fixed side held
portion and the movable side held portion have the enlarging
width portions. Accordingly, when the wave portions are
clastically deformed 1n the width direction thereof, and the
wave shape portions situated adjacent to the fixed side held
portion and the movable side held portion approach closer to
cach other at base portions thereof, the wave shape portions
do not contact with each other. Accordingly, 1t 1s possible to
prevent the terminal from being damaged. Further, it 1s
possible to secure a suflicient floating amount.

According to a second aspect of the present invention, an
clectrical connector 1s provided for connecting an electrical
circuit board to a mating connecting member. The electrical
connector mncludes a terminal and a housing for holding the
terminal. The terminal has a connecting portion to be
connected to the electrical circuit board and a contact
portion to be contacted with the mating connecting member.
The housing includes a fixed housing to be attached to the
clectrical circuit board and a movable housing arranged to
be movable relative to the fixed housing, so that the mating,
connecting member 1s fitted 1n the movable housing.

According to the second aspect of the present invention,
the terminal 1includes a fixed side held portion held with the
fixed housing, a movable side held portion held with the
movable housing, and an elastic portion connecting between
the fixed side held portion and the movable side held
portion. The elastic portion 1s configured to be capable of
clastically deforming. The housing includes an accommo-
dating space situated between the fixed housing and the
movable housing for accommodating the elastic portion.
The elastic portion includes a plurality of wave shape
portions formed 1n one continuous band shape portion.

According to the second aspect of the present invention,
the terminal further includes a fixed side transition portion
extending from the elastic portion to the fixed side held
portion and a movable side transition portion extending from
the elastic portion to the movable side held portion. The
fixed side transition portion and the movable side transition
portion are situated outside a range of the wave shape
portions 1n a height direction of the wave shape portions.

According to the second aspect of the present invention,
similar to the first aspect, when the terminal receives an
external force, the elastic portion of the terminal 1s elasti-
cally deformed. Accordingly, the movable housing 1s moved
relative to the fixed housing by an elastic deformation
amount of the elastic portion. As a result, it 1s possible to
achieve tloating of the electrical connector.
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According to the second aspect of the present invention,
similar to the first aspect, the elastic portion includes the
wave shape portions formed 1n one continuous band shape
portion. The wave shape portion has the bent portions
repeatedly bending continuously in bend directions. Accord-
ingly, even when the elastic portion does not have a large
size 1n the height direction thereof, 1t 1s possible to sufli-
ciently secure the elastic deformation amount.

According to the second aspect of the present invention,
in addition to the first aspect, the fixed side transition portion
and the movable side transition portion are situated outside
the range of the wave shape portions 1n the height direction
of the wave shape portions. Accordingly, 1t 1s possible to
dispose the wave shape portions 1n a space opposite to the
fixed side transition portion and the movable side transition
portion 1n the height direction of the wave shape portions. As
a result, 1t 1s possible to 1ncrease the height of the wave
shape portions.

According to the second aspect of the present invention,
the wave shape portions are not disposed between the fixed
side transition portion and the movable side transition por-
tion 1n a direction connecting between the fixed side tran-
sition portion and the movable side transition portion (the
width direction of the wave shape portions). Accordingly,
even when the wave portions are elastically deformed 1n the
width direction thereol, the fixed side transition portion does
not contact with the movable side transition portion.

According to the second aspect of the present invention,
the wave shape portions are formed 1n the shape repeatedly
bent 1n the vertical direction. Further, when one of the wave
shape portions situated at the middle 1s situated at a position
slightly higher than that of the bottom portion, 1t 1s possible
to dispose the fixed side transition portion closer to the

movable side transition portion. Accordingly, 1t 1s possible to
minimize the side of the electrical connector 1n the connec-
tor width direction.

According to a third aspect of the present invention, each
of the wave shape portions of the terminal may be formed to
have an extending portion between the bent portions situated
adjacent to each other. Accordingly, the elastic portion 1s
capable of deforming with the bent portion as a pivot, so that
the elastic portion 1s capable of elastically deforming as a
whole. Further, when a length of the extending portion 1s
increased, 1t 1s possible to increase the elastic deformation
amount of the elastic portion.

According to a fourth aspect of the present invention, each
of the wave shape portions of the terminal may be formed to
have the bent portion formed 1n a band shape bent within a
plate surface thereof. Further, the terminal may be formed to
have the extending portion having a width smaller than that
of the bent portion. Accordingly, when the elastic portion 1s
clastically deformed with the bent portion as the pivot, the
extending portion tends not to contact with the adjacent
extending portion.

According to the present invention, 1t should be noted that
the mating connecting member may include an electrical
connector or an electrical circuit board.

As described above, according to the first aspect and the
second aspect of the present invention, the fixed housing and
the movable housing hold the terminal. The terminal
includes the elastic portion accommodated i1n the space
created between the fixed housing and the movable housing.
The elastic portion includes the wave shape portions formed
in one continuous band shape portion. The wave shape
portion has the bent portions repeatedly bending continu-
ously in bend directions. Accordingly, even when the elastic
portion does not have a large size in the height direction
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thereot, 1t 1s possible to sufliciently secure the elastic defor-
mation amount. As a result, 1t 1s possible to minimize a size
of the connector in the height direction thereof.

Further, according to the first aspect of the present inven-
tion, each of the wave shape portions situated adjacent to the
fixed side held portion and the movable side held portion has
the enlarging width portion, 1n which the opening width of
the wave shape increases away from the bent portions.
Accordingly, when the wave portions are -elastically
deformed in the width direction thereof, and the wave shape
portions situated adjacent to the fixed side held portion and
the movable side held portion approach closer to each other
at base portions thereof, the wave shape portions do not
contact with each other. Accordingly, it 1s possible to prevent
the terminal from being damaged. Further, 1t 1s possible to
secure a sullicient floating amount.

Further, according to the second aspect of the present
invention, the wave shape portions are not disposed between
the fixed side transition portion and the movable side
transition portion in the direction connecting between the
fixed side transition portion and the movable side transition
portion (the width direction of the wave shape portions).
Accordingly, even when the wave portions are elastically
deformed 1n the width direction thereof, the fixed side
transition portion does not contact with the movable side
transition portion.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIGS. 1(A) and 1(B) are perspective views showing an
clectrical connector assembled member including a plug
side connector (a first connector) and a receptacle side
connector (a second connector) to be connected to the plug
side connector according to an embodiment of the present
invention, wherein FIG. 1(A) 1s a perspective view showing
the electrical connector assembled member before the first
connector 1s connected to the second connector and FIG.
1(B) 1s a perspective view showing the electrical connector
assembled member after the first connector 1s connected to
the second connector;

FIGS. 2(A) and 2(B) are sectional views showing the
clectrical connector assembled member according to the
embodiment of the present invention, wherein FIG. 2(A) 1s
a sectional view showing the electrical connector assembled
member before the first connector 1s connected to the second
connector and FIG. 2(B) 1s a sectional view showing the
clectrical connector assembled member after the first con-
nector 1s connected to the second connector;

FIGS. 3(A) and 3(B) are views showing the first connec-
tor according to the embodiment of the present invention,
wherein FIG. 3(A) 1s a perspective view showing the first
connector and FIG. 3(B) 1s a sectional view showing the first
connector;

FIGS. 4(A) and 4(B) are views showing the second
connector according to the embodiment of the present
invention, wherein FI1G. 4(A) 1s a perspective view showing
the second connector and FIG. 4(B) 1s a sectional view
showing the second connector; and

FI1G. 5 1s a perspective view showing a first terminal of the
first connector and a second terminal of the second connec-
tor according to the embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereunder, embodiments of the present invention will be
described with reference to the accompanying drawings.
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An embodiment of the present invention will be
explained. FIGS. 1(A) and 1(B) are perspective views
showing an electrical connector assembled member 1nclud-
ing a plug side connector (a first connector 1) and a
receptacle side connector (a second connector 2) to be
connected to the plug side connector according to an
embodiment of the present invention. More specifically,
FIG. 1(A) 1s a perspective view showing the electrical
connector assembled member before the first connector 1 1s
connected to the second connector 2, and FIG. 1(B) 15 a
perspective  view showing the electrical connector
assembled member after the first connector 1 1s connected to
the second connector 2.

FIGS. 2(A) and 2(B) are sectional views showing the
clectrical connector assembled member according to the
embodiment of the present invention. More specifically,
FIG. 2(A) 1s a sectional view showing the electrical con-
nector assembled member before the first connector 1 1s
connected to the second connector 2, and FIG. 2(B) 15 a

sectional view showing the electrical connector assembled
member after the first connector 1 1s connected to the second
connector 2.

FIGS. 3(A) and 3(B) are views showing the first connec-
tor 1 according to the embodiment of the present invention.
More specifically, wherein FIG. 3(A) 1s a perspective view
showing the first connector 1 and FIG. 3(B) 1s a sectional
view showing the first connector 1. FIGS. 4(A) and 4(B) are
views showing the second connector 2 according to the
embodiment of the present invention. More specifically,
FIG. 4(A) 1s a perspective view showing the second con-
nector 2, and FIG. 4(B) 1s a sectional view showing the
second connector 2.

As shown 1n FIG. 1(A), the first connector 1 includes first
terminals 10 with a male type and a first housing 20 formed
of an electrically insulation material for holding the first
terminals 10. It should be noted that the terminal and the
housing of the first connector 1 are designated with “first”,
and the terminal and the housing of the second connector 2
are designated with “second”. Further, the first housing 20
includes a fixed housing 21 and a movable housing 26. The
fixed housing 21 1s to be attached to an electrical circuit
board (not shown) through the first terminals 10. The
movable housing 26 1s configured to be movable relative to
the fixed housing 21.

In the embodiment, the first housing 20 of the first
connector 1 1s formed in a substantially cuboid shape
extending in a longitudinal direction and a lateral direction
along a plane in parallel to the electrical circuit board. The
first terminals 10 are arranged in two rows along the
longitudinal direction of the first housing 20. More specifi-
cally, the first terminals 10 are arranged 1n two rows to face
cach other symmetrically in the lateral direction (a width
direction of the first connector 1) perpendicular to the
longitudinal direction.

As shown 1n FIG. 1(A), the fixed housing 21 includes a
circumierential wall 24 formed of a side wall 22 and an edge
wall 23. The side wall 22 1s formed to rise perpendicularly
relative to the electrical circuit board and extend in the
longitudinal direction. The edge wall 23 1s formed to extend
in the lateral direction. A central space 24A 1s formed 1nside
the circumierential wall 24 to penetrate 1n a vertical direc-
tion, so that the central space 24A accommodates the mov-
able housing 26 from above.

In the embodiment, the side wall 22 extends over a
terminal arrangement range where the first terminals 10 are
arranged 1n the longitudinal direction. A protruding wall
22 A 1s formed on an outer wall surface of the side wall 22,
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so that the protruding wall 22 A holds the first terminals 10.
A fixed side recess portion 22B i1s formed i an inner wall
surface of the side wall 22, so that the fixed side recess
portion 22B opens mwardly and downwardly. It should be
noted that the fixed side recess portion 22B forms a part of
an accommodation space 20A for accommodating an elastic
portion of the first terminal 10 (described later). Further, the
protruding wall 22A and the fixed side recess portion 22B
will be described 1in more detail later relative to the first
terminals 10.

In the embodiment, an attachment metal member 30 with
an L character shape 1s attached to the edge wall 23 of the
fixed housing 21 on an outer surface thereot, so that the fixed
housing 21 1s securely fixed to the electrical circuit board
through an attachment hole 31 formed in the attachment
metal member 30 with solder. It should be noted that 1t 1s not
necessary to provide the attachment metal member 30 for
attaching the fixed housing 21 to the electrical circuit board.
Alternatively, when the first terminals 10 can be securely
attached to the electrical circuit board with solder, it 1s not
necessary to provide the attachment metal member 30.

In the embodiment, the movable housing 26 includes a
penetrating portion 26A and a protruding portion 26B. The
penetrating portion 26A 1s arranged to penetrate nto the
central space 24 A of the fixed housing 21. The protruding
portion 26B 1s arranged to protrude upwardly from the
central space 24 A. Further, the movable housing 26 includes
a receiving recess portion 27 disposed to open upwardly
over a range from the protruding portion 26B to the pen-
etrating portion 26 A, so that the receiving recess portion 27
receives a mating connecting member, for example, the
second connector 2 as a mating connector.

In the embodiment, a central protruding wall 29A 1s
disposed 1nside the receiving recess portion 27. The central
protruding wall 29 A 1s arranged to rise from a bottom wall
29 of the movable housing 26, so that the central protruding
wall 29 A holds the first terminals 10. A movable side recess
portion 26C 1s formed 1n an outer surface of the penetrating,
portion 26 A of the movable housing 26, so that the movable
side recess portion 26C opens downwardly to face the fixed
side recess portion 21B of the fixed housing 21. It should be
noted that the movable side recess portion 26C and the fixed
side recess portion 22B form the accommodation space 20A
for accommodating the elastic portion of the first terminal 10
(described later).

FIG. 5 15 a perspective view showing the first terminal 10
of the first connector 1 and a second terminal 40 of the
second connector 2 according to the embodiment of the
present mvention.

As shown in FIG. 5, the first terminal 10 as a male
terminal 1s formed such that a flat surface of a metal plate 1s
maintained. Further, the first terminals 10 are arranged 1n a
pair to face with each other 1n a same direction, so that the
first terminals 10 with the same shape become right-to-lett
symmetrical in the width direction of the first connector 1.
Further, the first terminals 10 are arranged in a plurality of
pairs 1n the longitudinal direction of the first connector 1.

As shown 1n FIG. 5, among a plurality of pairs of the first
terminals 10, one pair of the first terminals 10 1s taken out
from the first housing 20. Further, one pair of the second
terminals 40 of the second connector 2, which 1s to be
connected to the first connector 1 as the mating connector,
are shown 1n FIG. 5. It should be noted that two of the first
terminals 10 constituting the pair are arranged right-to-left
symmetrically, and have an 1dentical shape. In the following
description, therefore, one of the first terminals 10 will be
explained.
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In the embodiment, the first terminal 10 includes a mov-
able side column portion 11; a fixed side column portion 12;
a connecting portion 13; and an elastic portion 14. The
movable side column portion 11 1s arranged to rise at a
position close to the second terminal 40 as a mating member,
so that the movable side column portion 11 faces the second
terminal 40 1n the width direction of the first connector 1.
Further, the movable housing 26 1s configured to hold the
movable side column portion 11. The fixed side column
portion 12 1s arranged to rise at a position opposite to that of
the movable side column portion 11 1n the width direction of
the first connector 1. The connecting portion 13 1s arranged
to extend in the lateral direction from a lower end of the
fixed side column portion 12. The elastic portion 14 1is
disposed between the movable side column portion 11 and
the fixed side column portion 12.

In the embodiment, the movable side column portion 11
includes a contact portion 11A at an upper half portion
thereol and a movable side held portion 11B at a lower half
portion thereol. The contact portion 11A 1s configured to
contact with the second terminal 40, which 1s a female type,
of the second connector 2. The movable side held portion
11B 1s held with the movable housing 26. The contact
portion 11 A has a distal end portion (an upper end portion)
that 1s chamiered, so that the movable side column portion
11 1s easily iserted mto the second terminal 40. The
movable side held portion 11B has an engaging protrusion
11B-1 at a side edge thereof, so that the movable side
column portion 11 can engage with the movable housing 26.

In the embodiment, the movable side held portion 11B 1s
tightly fitted into a hold groove 29B formed in the bottom
wall 29 of the movable housing 26 from above, so that the
hold groove 29B holds the movable side held portion 11B
(refer to FIG. 3(B)). When the movable side held portion
11B 1s fitted into the hold groove 29B, the engaging pro-
trusion 11B-1 bites a corresponding 1nner surface of the hold
grove 298, so that the engaging protrusion 11B-1 strongly
engages with the hold grove 29B.

In the embodiment, the fixed side column portion 12
includes a base portion 12A at a lower end portion thereof
and a fixed side held portion 12B at an upper portion thereof
above the base portion 12A. The fixed side held portion 12B
has an engaging protrusion 12B-1, so that the fixed side
column portion 12 can engage with the fixed housing 21.
Further, the fixed side held portion 12B 1s tightly fitted from
below 1nto a hold groove 22A-1 formed in the protruding
wall 22 A that protrudes from the side wall 22 of the fixed
housing 21 at a bottom wall surface thereof and penetrates
in a vertical direction within a thickness of the protruding
wall 22A, so that the hold groove 22A-1 holds the fixed side
held portion 12B (refer to FIG. 3(B)). When the fixed side
held portion 12B 1s fitted into the hold groove 22A-1, the
engaging protrusion 12B-1 bites a corresponding inner sur-
face of the hold grove 22A-1, so that the engaging protrusion
12B-1 strongly engages with the hold grove 22A-1.

In the embodiment, the connecting portion 13 1s arranged
to extend from a lower end of the base portion 12A of the
fixed side column portion 12 1n the lateral direction along a
lower surface of the fixed housing 21. Further, the connect-
ing portion 13 1s arranged to extend toward an outside of the
fixed housing 21.

In the embodiment, the first terminal 10 includes the
clastic portion 14 at a position between the movable side
held portion 11B and the fixed side held portion 12B. The
clastic portion 14 1s connected on the left side to the movable
side held portion 11B through a movable side transition
portion 15 that extends from the lower end of the movable
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side held portion 11B 1n the lateral direction. Further, the
clastic portion 14 1s connected on the right side to the fixed
side held portion 12B through a fixed side transition portion
16 that extends from the base portion 12A of the fixed side
held portion 12B in the lateral direction.

In the embodiment, the elastic portion 14 1s configured to
rise from the movable side transition portion 15 and the fixed
side transition portion 16, and i1s formed of a continuous
band shape member bent in a substantially M character
shape. Further, the elastic portion 14 with the substantially
M character shape 1s formed in a band shape having a width
smaller than that of the movable side held portion 11B and
the fixed side held portion 12B.

More specifically, the elastic portion 14 includes two bent
portions 14A and 14C having a curved shape at an upper
portion thereof and a bent portion 14B having a curved
shape at a lower portion thereof. Further, the elastic portion
14 includes an inside straight portion 14D connecting the
bent portion 14A and the bent portion 14B and an inside
straight portion 14E connecting the bent portion 14C and the
bent portion 14B. Further, the elastic portion 14 includes
outside straight portions 14F and 14G extending outwardly
from the bent portion 14A and the bent portion 14C,
respectively.

As described above, 1n the embodiment, the elastic por-
tion 14 1s formed in the substantially M character shape, in
which one wave shape portion with a substantially U char-
acter shape 1s disposed between two wave shape portions
with a substantially U character shape. Accordingly, the
clastic portion 14 1s formed 1n a wave shape having three
wave shapes arranged continuously, so that the elastic por-
tion 14 1s capable of elastically deforming. It should be
noted that the three wave shape portions 1s formed of the
bent portion and the straight portions. Further, in the three
wave shape portions of the elastic portion 14, the straight
portions 14D, 14E, 14F, and 14G form widening width
portions that are inclined such that an open width of the
wave shape portions 1s 1ncreasing in a direction away from
the bent portions 14A, 14C, and 14B, respectively.

In the embodiment, among the three wave shape portions
of the elastic portion 14, the wave shape portion situated on
the left side includes an inclined portion 14H. The inclined
portion 14H 1s arranged to extend downwardly from the
outside straight portion 14F, and 1s inclined inwardly (the
right side 1 FIG. 5) and downwardly at a lower position
below the bent portion 14B 1n the vertical direction. Further,
the wave shape portion situated on the right side includes an
inclined portion 141. The inclined portion 141 1s arranged to
extend downwardly from the outside straight portion 14G,
and 1s inclined mwardly (the left side in FIG. 5) and
downwardly at a lower position below the bent portion 148
in the vertical direction.

As described above, 1n the elastic portion 14, the inclined
portion 14H and the inclined portion 141 are inclined
inwardly and downwardly. Accordingly, a distance between
the inclined portion 14H and the inclined portion 141 1s
reduced 1n a range below the bent portion 14B situated at the
lower portion of the elastic portion 14.

In the embodiment, the elastic portion 14 1s formed 1n the
band shape with the small width, and 1s formed 1n the wave
shape so that the elastic portion 14 1s capable of elastically
deforming. More specifically, 1n the elastic portion 14, the
straight portions 14D, 14E, 14F, and 14G have central
portions having a terminal width (a band width) gradually
decreasing and smaller than that of the bent portions 14A
and 14C. Further, the straight portions 14D and 14E situated
at the inside have the central portions having the terminal
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width (the band width) gradually decreasing and smaller
than that of the bent portion 14B. Further, the straight
portions 14F and 14G situated at the outside have the central
portions having the terminal width (the band width) gradu-
ally decreasing and smaller than that of the inclined portions
14H and 14I. It should be noted that the elastic portion 14
may have a portion having a width gradually decreasing at
a position other than the central portion of the straight
portions 14D, 14E, 14F, and 14G. With the portion having
the width gradually decreasing, the elastic portion 14 1s
capable of easily and elastically deforming with the bent
portion as a pivot.

As shown 1 FIGS. 1(A) and 1(B), FIGS. 2(A) and 2(B),
and FIGS. 4(A) and 4(B), the second connector 2 includes
the second terminals 40 with a female type and a second
housing 50 formed of an electrically insulation maternal for
holding the second terminals 40. Further, the second housing
50 1s attached to the electrical circuit board (not shown)
through the second terminals 40.

In the embodiment, the second housing 50 of the second
connector 2 1s formed in a substantially cuboid shape
extending in a longitudinal direction thereof corresponding
to the longitudinal direction of the first housing 20 of the first
connector 1 and a lateral direction thereof corresponding to
the lateral direction of the first housing 20 of the first
connector 1. The second terminals 40 are arranged in two
rows along the longitudinal direction of the second housing
50. More specifically, the second terminals 40 are arranged
in two rows to face each other in the lateral direction (a
width direction of the second connector 2) perpendicular to
the longitudinal direction. It should be noted that the second
connector 2 1s shown to face the first connector 1 in a fitting
direction thereof 1n FIGS. 1(A) and 2(A). Further, the second
connector 2 1s shown 1n a posture turned over 1n the vertical
direction 1n FIGS. 4(A) and 4(B).

In the embodiment, the second housing 50 of the second
connector 2 that 1s the mating connector of the first connec-
tor 1 includes an attaching block portion 51 and a fitting
block portion 52. The attaching block portion 51 1s to be
attached to the electrical circuit board (not shown). The
fitting block portion 52 1s configured to protrude from the
attaching block portion 51 1n a fitting direction relative to the
first connector 1. Further, each of the attaching block portion
51 and the fitting block portion 52 1s formed 1n a substan-
tially cuboid shape extending in a longitudinal direction
thereol corresponding to the longitudinal direction of the
first connector 1 and a lateral direction thereof correspond-
ing to the lateral direction of the first connector 1.

In the embodiment, the second housing 50 includes an
upper recess portion 53A at an upper portion thereof and a
lower recess portion 53B at a lower portion thereof. The
upper recess portion 53 A and the lower recess portion 53B
are situated at a center of the attaching block portion 51
viewed from above i FIGS. 1(A)-1(B) and 2(A)-2(B).
Further, the lower recess portion 53B has a width smaller
than that of the upper recess portion 53A, and a depth greater
than that of the upper recess portion 53 A. Further, the second
housing 50 includes a central wall portion 54 between the
upper recess portion 53 A and the lower recess portion 53B.
Further, the second housing 50 includes a terminal groove
55. The terminal groove 535 1s arranged to extend along 1inner
surfaces of the upper recess portion 53 A and the lower recess
portion 53B, and penetrate through the central wall portion
54. The second terminal 40 1s fitted into and held with the
terminal groove 55 (described later).

In the embodiment, the second housing 50 {further
includes a side wall 56 extending 1n the longitudinal direc-
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tion of the attaching block portion 51, and a recess wall
portion 56A 1s formed in an outer surtace of the side wall 56
at a central portion thereol in the longitudinal direction
(refer to FIG. 4(A)). The recess wall portion S6A 1s recessed
in the lateral direction. A connecting portion 42 of the
second terminal 40 1s accommodated in the recess wall
portion 56A, so that 1t 1s possible to easily connect the
connecting portion 42 to the electrical circuit board and
confirm that the connecting portion 42 1s securely connected
to the electrical circuit board.

In the embodiment, the second housing 50 further
includes an edge wall 57 and an attachment metal member
60 with an L character shape attached to an outer surface of
the edge wall §7. The attachment metal member 60 has an
attachment hole 61, so that the second housing 50 1s securely
fixed to the electrical circuit board with solder. It should be
noted that 1t 1s not necessary to provide the attachment metal
member 60 for attaching the second housing 350 to the
clectrical circuit board. Alternatively, when the second ter-
minals 40 can be securely attached to the electrical circuit
board with solder, 1t 1s not necessary to provide the attach-
ment metal member 60.

As described above, FIG. 5 1s the perspective view
showing the first terminal 10 of the first connector 1 and the
second terminal 40 of the second connector 2 before the first
connector 1 1s connected to the second connector 2 accord-
ing to the embodiment of the present mnvention.

As shown 1n FIG. 5, the second terminal 40 as a female
terminal 1s formed of a metal plate member bent in a plate
thickness direction. Further, similar to the first terminals 10,
the second terminals 40 are arranged 1n a pair to face with
each other 1n a same direction, so that the second terminals
40 with the same shape become right-to-left symmetrical 1n
the width direction of the second connector 2. Further, the
second terminals 40 are arranged 1n a plurality of pairs 1n the
longitudinal direction of the second connector 2.

As shown 1n FIG. 5, among a plurality of pairs of the
second terminals 40, one pair of the second terminals 40 1s
taken out from the second housing 50. It should be noted that
two of the second terminals 40 constituting the pair are
arranged right-to-left symmetrically, and have an identical
shape. In the following description, therefore, one of the
second terminals 40 will be explained.

In the embodiment, the second terminal 40 includes a held
portion 41; a connecting portion 42; an intermediate base
portion 43; and a contact portion 44. The held portion 41 1s
arranged at a middle portion of the second terminal 40, and
1s formed 1 a flat band shape having a plate surface
perpendicular to the plate surface of the first terminal 10.
The connecting portion 42 1s arranged above the held
portion 41, and 1s bent perpendicular to the plate surface of
the held portion 41. The intermediate base portion 43 1s
arranged at the middle portion of the second terminal 40 and
below the held portion 41. Further, the intermediate base
portion 43 has a cross section having a U character shape.
The contact portion 44 1s formed of a pair of contact pieces
44 A extending 1n a finger shape.

In the embodiment, the held portion 41 1s formed 1n a flat
plate shape. Further, the held portion 41 includes engaging
protrusions 41A for biting a corresponding surface of the
terminal groove 55 of the second housing 50.

In the embodiment, the second terminal 40 {further
includes a connecting portion 45 having a narrow width
portion. The held portion 43 1s connected to the held portion
41 through the connecting portion 45. Further, the interme-
diate base portion 43 includes a bottom surface portion 43A
having a plate shape and a side surface portion 43B. The
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bottom surface portion 43A 1s configured to extend down-
wardly from the plate surface of the held portion 41. The
side surface portion 43B 15 configured to extend from both
side edges of the bottom surface portion 43 A, and has a plate
surface perpendicular to a plate surface of the bottom
surface portion 43A. Accordingly, the intermediate base
portion 43 1s formed 1n a U character shape with the bottom
surface portion 43A and the side surface portion 43B.

As described above, the contact portion 44 1s formed of a
pair of the contact pieces 44 A extending 1n a finger shape.
The contact pieces 44 A are arranged to extend from lower
ends of the side surface portion 43B on both sides of the
intermediate base portion 43, so that the contact pieces 44 A
face with each other. Further, the contact pieces 44A are
inclined downwardly in a direction such that a distance 1n
between gradually decreases, so that the contact pieces 44 A
become closer. Further, the distance between the contact
pieces 44A becomes a minimum near lower ends thereof,
and the contact pieces 44 A expend at the lower ends thereof,
so that a throat portion 44 A-1 1s formed at a location where
the distance between the contact pieces 44A becomes a
minimum. The distance between the contact pieces 44A at
the throat portion 44A-1 1s smaller than a plate thickness of
the contact portion 11A of the first terminal 10, so that the
contact pieces 44 A tightly sandwich and elastically contact
with the contact portion 11A at the throat portion 44A-1.

With the configuration described above, the second ter-
minals 40 are inserted into the terminal grooves 35 of the
second housing 50 from above as shown 1n FIGS. 1(A)-1(B)
and 2(A)-2(B). It should be noted that the second terminals
40 are inserted from blow 1n FIGS. 4(A) and 4(B), in which
the second connector 2 1s turned over vertically as opposed
to that shown 1 FIGS. 1(A)-1(B) and 2(A)-2(B).

As shown 1n FIG. 2(A), the terminal groove 35 includes
a rectangular cylindrical hole portion 54A formed 1n the
central wall portion 54. The rectangular cylindrical hole
portion 54 A has an 1nner circumierential shape correspond-
ing to an outer circumierential shape of the intermediate
base portion 43 having the U character shape section, that 1s
the maximum circumierential shape of the second terminal
40. Further, the rectangular cylindrical hole portion 54 A 1s
formed to penetrate the central wall portion 54 1n the vertical
direction, so that the intermediate base portion 43 1s capable
of passing through the rectangular cylindrical hole portion
54A.

Further, the terminal groove 55 includes a groove portion
55A formed 1n mner wall surfaces of the rectangular cylin-
drical hole portion 54 A and the upper recess portion 53A.
The groove portion 35A has a groove depth corresponding
to the plate thickness of the held portion 41. Accordingly,
alter the intermediate base portion 43 with the U character
shape section passes through the rectangular cylindrical hole
portion 54A of the central wall portion 54, the groove
portion 55A accommodates the held portion 41 with the flat
band shape situated at the inner wall surface of the upper
recess portion 53A. Further, when the engaging protrusion
41A of the held portion 41 1s tightly fitted into the groove
portion 55A of the terminal groove 55, the engaging pro-
trusion 41A bites into an inner surface of the groove portion
55A, so that the second housing 350 securely holds the
second terminal 40 and prevents the second terminal 40
from coming ofl.

Further, the terminal groove 55 includes a groove portion
55B formed in an mner wall surface of the lower recess
portion 53B below the central wall portion 54 (above 1n FIG.
4(B). When the second terminal 40 1s tightly fitted into the
specific position, the groove portion 55B accommodates the
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intermediate base portion 43 and the contact portion 44. The
groove portion 55B is arranged relative to the intermediate
base portion 43 such that a groove bottom surface of the
groove portion S5B contacts with or 1s away from the bottom
surface portion 43 A of the intermediate base portion 43, and
a groove side surface of the groove portion 55B 1s away
from the side surface portion 43B of the intermediate base
portion 43. Further, the groove portion 55B 1s arranged
relative to the contact portion 44 to form a space 1n which
the contact pieces 44 A are capable of elastically deforming.

A method of using the first connector 1 and the second
connector 2 will be explained next. First, the first connector
1 and the second connector 2 are attached to the electrical
circuit boards with solder, respectively. More specifically,
the first connector 1 1s attached to the electrical circuit board
with the connecting portions 13 of the first terminals 10 and
the attachment metal members 30. Further, the second
connector 2 1s attached to the electrical circuit board with the
connecting portions 42 of the second terminals 40 and the
attachment metal members 60. It should be noted that the
clectrical circuit boards are not shown 1n FIGS. 1(A)-1(B)
and 2(A)-2(B). It should be noted that the first connector 1
1s attached to the electrical circuit board at the lower surface
thereof, and the second connector 2 is attached to the
clectrical circuit board at the upper surface thereof.

As shown in FIG. 1(A) and FI1G. 2(A), in the next step, the
second connector 2 attached to the electrical circuit board at
the upper surface thereot 1s placed above the first connector
1. It should be noted that at this moment, the fitting block
portion 52 of the second connector 2 faces downwardly.
Afterward, the second connector 2 1s moved downwardly
while maintaining the posture, so that the fitting block
portion 52 1s mserted 1nto the receiving recess portion 27 of
the movable housing 26 of the first connector 1. As a result,
the fitting block portion 52 i1s fitted into the movable housing,
26 (refer to FIG. 1(B) and FIG. 2(B))

When the second connector 2 1s fitted into the first
connector 1, the contact portions 44 formed of the contact
pieces 44A with the finger shape tightly sandwich the
contact portions 11A of the first terminals 10 of the first
connector 1. Accordingly, the second terminals 40 of the
second connector 2 elastically contact with the contact
portions 11A of the first terminals 10.

As described above, the contact portions 44 of the second
terminals 40 have the throat portions 44A-1 at the lower end
of the contact portions 44A. Accordingly, when the contact
portions 11A with the flat band shape of the first terminals
10 are smoothly 1nserted into the throat portion 44A-1, the
contact portions 44 A tightly sandwich the contact portions
11A of the first terminals 10 with the elastic force, and the
second terminals 40 are electrically connected to the first
terminals 10.

When the first connector 1 1s connected to the second
connector 2, the electrical circuit board attached to the first
connector 1 1s electrically connected to the electrical circuit
board attached to the second connector 2 through the first
terminals 10 and the second terminals 40.

As described above, the first terminals 10 of the first
connector 1 have the elastic portions 14. Accordingly, even
when the second connector 2 1s shifted from the standard
position or the standard posture in the longitudinal direction,
the lateral direction, or the pulling out direction of the
second connector 2, it 1s possible to absorb the shift through
the elastic portions 14. Further, even when the first connec-
tor 1 or the second connector 2 receives vibrations, 1t 1s
possible to absorb the vibrations through the elastic portions
14.
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Further, in the embodiment, 1n addition to the elastic
portions 14, the contact portions 11A of the first terminals 10
are formed 1n the flat band shape. Accordingly, when the
contact portions 44 sandwich the contact portions 11A, the
throat portions 44A-1 are capable of sliding and shifting
(moving) relative to the contact portions 11A, even though
friction 1s caused between the throat portions 44A-1 and the
contact portions 11A in the lateral direction and the pulling
out direction of the first connector 1. As a result, 1t 1s possible
to absorb the shift or the vibrations through the contact
portions 11A.

More specifically, as described above, the first terminal 10
has the movable side held portion 11B held with the movable
housing 26 and the fixed side held portion 12B held with the
fixed housing 21. Further, the elastic portion 14 1s disposed
between the movable side held portion 11B and the fixed
side held portion 12B, and 1s connected to the movable side
held portion 11B and the fixed side held portion 12B through
the movable side transition portion 15 and the fixed side
transition portion 16, respectively.

Further, as described above, the elastic portion 14 1s
formed of the wave portions having the substantially M
character shape and rising from the movable side transition
portion 15 and the fixed side transition portion 16. Accord-
ingly, the elastic portion 14 1s capable of elastically deform-
ing in any of the connector height direction, the connector
longitudinal direction, and the lateral direction (the connec-
tor width direction). As a result, even when the {first con-
nector 1 and the second connector 2 are shifted or receive the
vibrations 1n any direction, 1t 1s possible to absorb the shift
or the vibrations.

Further, in the embodiment, the straight portions 14D,
14E, 14F, and 14G form the widening width portions that are
inclined such that the open width of the wave shape portions
1s increasing in the direction away from the bent portions
14A, 14C, and 14B, respectively. The wave portions are
formed 1n the U character shape at the center thereot, and the
inverted U character shape at the both sides. Accordingly,
even when the movable housing 26 and the fixed housing 21
pushes the elastic portions 14 1n the connector width direc-
tion and the wave portions approach to each other, the wave
portions tend not to contact with each other. As a result, 1t 1s
possible to secure an amount of the elastic deformation of
the elastic portions 14.

In the embodiment, as described above, the elastic portion
14 has the straight portions 14D, 14E, 14F, and 14G 1nclined
to form the widening width portions 1 the wave shape
portions. It 1s sutlice that at least the wave shape portions
situated at the both outside sides adjacent to the movable
side held portion 11B and the fixed side held portion 12B
have the widening width portions. The wave shape portion
situated at the center may not be inclined to form the
widening width portion.

Further, in the embodiment, the straight portions 14F and
14G situated at the both outsides are connected to the
movable side transition portion 15 and the fixed side tran-
sition portion 16 through the inclined portions 14H and 141,
respectively, which are inclined to get closer to each other at
the lower position below the bent portion 14B situated at the
center of the elastic portion 14 1n the connector width
direction. Accordingly, there 1s no wave shape portion
between the movable side transition portion 15 and the fixed
side transition portion 16. As a result, even when the elastic
portion 14 1s pushed and elastically shifted 1n the connector
width direction, the movable side transition portion 15 and
the fixed side transition portion 16 tend not to contact with
cach other.
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Further, in the embodiment, the straight portions 14D,
14E, 14F, and 14G have the band width smaller than that of
the bent portions 14A, 14B, and 14C. Accordingly, the
clastic portion 14 1s capable of easily deforming with the
bent portions 14A, 148, and 14C as a pivot. Further, when
a length of the straight portions 14D, 14E, 14F, and 14G 1s
increased within an allowable range, that 1s, a size of the
wave portions 1s increased, it 1s possible to increase the
amount of the elastic deformation of the elastic portion 14 1n
any of the connector height direction, the connector longi-
tudinal direction (the direction perpendicular to the plate
surface of the elastic portion 14), and the lateral direction
(the connector width direction).

Further, in the embodiment, the straight portions 14D,
14E, 14F, and 14G have the band width smaller than that of
the bent portions 14A, 14B, and 14C. Accordingly, when the
clastic portion 14 1s elastically deformed, it 1s possible to
disperse a stress applied to the bent portions 14A, 14B, and
14C to the straight portions 14D, 14E, 14F, and 14G.
Accordingly, when the elastic portion 14 1s elastically
deformed, the bent portions 14A, 14B, and 14C and the
straight portions 14D, 14E, 14F, and 14G tend not to contact
with each other.

Further, 1n the embodiment, the straight portions 14D,
14E, 14F, and 14G have the terminal width (the band width)
gradually decreasing toward the central portions thereof. It
1s suflice that some of the straight portions 14D, 14E, 14F,
and 14G or the bent portions 14A, 14B, and 14C have the
terminal width (the band width) gradually decreasing. The
remaining ones of the straight portions 14D, 14E, 14F, and
14G or the bent portions 14A, 14B, and 14C may not have
the terminal width (the band width) gradually decreasing.

In the embodiment, the present invention 1s applied to the
first connector 1 and the second connector 2 attached to the
clectrical circuit boards arranged 1n parallel. Alternatively,
the present invention may be applied to a connector attached
to the electrical circuit boards arranged perpendicularly, that
1s, a triangle connector.

The disclosure of Japanese Patent Applications No. 2015-
244322, filed on Dec. 15, 2015 1s incorporated in the
application by reference.

While the present invention has been explained with
reference to the specific embodiments of the present inven-
tion, the explanation 1s illustrative and the present invention
1s limited only by the appended claims.

What 1s claimed 1s:

1. An electrical connector for connecting an electrical

circuit board and a mating connector, comprising:

a terminal having a connecting portion to be connected to
the electrical circuit board and a contact portion to be
contacted with the mating connector; and

a housing for holding the terminal,

wherein said housing includes a fixed housing to be
attached to the electrical circuit board and a movable

housing arranged to be movable relative to the fixed

housing,

said terminal includes a fixed side held portion held with
the fixed housing, a movable side held portion held
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with the movable housing, and an elastic portion situ-
ated between the fixed side held portion and the mov-
able side held portion,

said housing includes an accommodating space situated

between the fixed housing and the movable housing for
accommodating the elastic portion,

said elastic portion includes at least a first wave shape

portion and a second wave shape portion,

said first wave portion includes a first bent portion and a

pair of first extending portions,
said first bent portion 1s situated above the first extending
portions 1 a height direction of the elastic portion,

said second wave shape portion includes a second bent
portion and a pair of second extending portions sepa-
rated from the first extending portions,

said second bent portion i1s situated above the second

extending portions in the height direction,

said elastic portion 1ncludes a third bent portion between

the first wave shape portion and the second wave
portion so that the elastic portion has an M character
shape,

said terminal further includes a fixed side transition

portion situated between the elastic portion and the
fixed side held portion and a movable side transition
portion situated between the elastic portion and the
movable side held portion,

and

said fixed side transition portion and said movable side

transition portion are situated completely below the
third bent portion 1n the height direction.

2. The electrical connector according to claim 1, wherein
one of said first extending portions 1s situated between the
first bent portion and the second bent portion.

3. The electrical connector according to claim 1, wherein
said bent portion has a first width, and

cach of said first extending portions has a second width

smaller than the first width.

4. The electrical connector according to claim 1, wherein
said elastic portion includes a first inclined portion extend-
ing downwardly from one of the first extending portions, and
a second inclined portion extending downwardly from one
of the second extending portions,

said first inclined portion 1s disposed between the first

wave shape portion and the fixed side transition por-
tion,

said second inclined portion 1s disposed between the

second wave shape portion and the movable side tran-
sition portion, and

said first inclined portion and said second inclined portion

are inclined mwardly.

5. The electrical connector according to claim 1, wherein
said first extending portions are configured to extend away
from each other with a distance i1n between decreasing
toward the first bent portion, and

said second extending portions are configured to extend

away Irom each other with a distance 1n between
decreasing toward the second bent portion.
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